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PROCESS FOR TREATING A GAS STREAM 
TO SELECTIVELY SEPARATE ACID GASES 

THEREFROM 

This is a continuation of application Ser. No. 08/650,488, 
?led on May 20, 1996, abandoned. 

DESCRIPTION 

1. Technical Field 

The present invention relates to a process for selectively 
separating acid gases from a sour hydrocarbon gas stream 
and in one of its aspects relates to a gas treatment process 
Whereby a sour hydrocarbon gas stream is contacted With a 
selective solvent Which is preferential to hydrogen sul?de 
(HZS) as compared to carbon dioxide (CO2) to remove these 
acid gases from the gas stream and then treating the rich 
solvent to individually remove substantially the bulk of any 
hydrocarbons, CO2, and HZS from the solvent before it is 
recycled Within the treatment process. In particular, the 
present invention relates to a sour gas treatment method 
Which includes processing the acid gas removed from the 
sour gas to recover high-quality CO2, and to improve the 
quality (i.e. concentration of HZS) in the acid gas stream 
While reducing the total volume of the acid gas stream Which 
is subsequently processed to recover sulphur. 

2. Background 
It is Well knoWn that many hydrocarbon gas streams (i.e. 

“sour gas”) produced from certain subterranean formations 
contain substantial volumes of “acid gases” (e.g. hydrogen 
sul?de (HZS), carbon dioXide (CO2) and the like) Which 
must be substantially reduced or removed before the gas can 
be passed on to market. One common and Well knoWn 
process for treating a “sour gas” stream involves contacting 
the gas stream in a contactor vessel With a solvent (e.g. 
organic amines, such as methyldiethanolamine (MDEA) and 
other additives) Which absorbs the acid gases and carries 
them out of the gas stream. After the acid gases have been 
removed or reduced to acceptable levels by the solvent, the 
treated, hydrocarbon gas stream is passed on to market. 

Unfortunately, this type of solvent not only absorbs the 
acid gases from the gas stream but also solubliZes and picks 
up small amounts of liquid hydrocarbons from the stream. In 
order for processes of this type to be economical, the “rich” 
solvent (i.e. the solvent plus the acid gases and the small 
amounts of hydrocarbons) must be regenerated so that it can 
be reused in the treatment process. That is, the acid gases 
(i.e. both HZS and CO2) and the hydrocarbons must be 
removed or substantially reduced in the rich solvent before 
it can be reused in the process. 

Typically, the rich solvent is regenerated by passing it into 
a regenerator vessel Where substantially all of the acid gases 
are removed, after Which the regenerated solvent is returned 
for use in the treatment process. In almost all knoWn 
commercial processes of this type, sulfur is then recovered 
from the HZS by processing the recovered acid gas stream 
through a Sulfur Recovery Unit (SRU), eg a Claus unit. 
HoWever, Claus units Which are Well knoWn in the industry 
operate most efficiently With acid gas stream having high 
concentrations of HZS and can become uneconomical if the 
HZS concentration drops to loW. 

In order to maintain a high level of HZS in the recovered 
acid gas stream, it is necessary to separate out as much of the 
other contaminants (i.e. CO2 and hydrocarbons) as possible 
from the rich solvent before the solvent reaches the regen 
erator vessel. This is typically done by ?rst passing the rich 
solvent through one or more ?ash tanks Where a large 

10 

15 

20 

25 

35 

40 

45 

50 

55 

60 

65 

2 
amount of the CO2 and most of the hydrocarbons are 
collectively vaporiZed and removed from the rich solvent. 
One such gas treatment processes is disclosed in US. Pat. 

No. 3,767,766 Wherein a solvent is used to absorb the acid 
gases from a sour gas stream. The rich solvent is passed 
through a ?rst ?ash drum Where a ?rst portion of both the 
hydrocarbons and the CO2 are collectively ?ashed off and 
are disposed of. The solvent is then heated and passed 
through a second ?ash drum Where additional hydrocarbons 
and residual CO2 are removed and disposed of before the 
solvent is passed into a regenerator Where the HZS is 
recovered from the solvent. In this process, the bulk of the 
hydrocarbons and the CO2 must be handled and disposed of 
together and since these are likely to also contain small 
volumes of HZS, their use and/or disposal may present a 
problem. 

Another such process for treating sour gas is that Which is 
disclosed in the paper “Gas Reception Uses Modern Sol 
vents to Reduce Emissions”, A.Pelekanou et al, presented at 
the 75th Annual GPA Convention, Mar. 11—13, 1996, 
Denver, Colo. In that process, an amine solvent is used to 
absorb HZS and mercaptans in preference to CO2. The 
solvent also absorbs hydrocarbons from the sour gas stream. 
To reduce the hydrocarbon content of the recovered acid gas 
stream to the SRU, tWo pressure “let-doWn” ?ash steps are 
included in the rich solvent regeneration cycle. The rich 
solvent is passed through a ?rst ?ash drum Which is operated 
at a relatively high pressure and loW temperature to thereby 
?ash off the hydrocarbons Which are then recompressed and 
returned to the process upstream of the gas sWeetening steps. 
The solvent is then heated and passed on to a loWer-pressure 
?ash drum Where dissolved/lightly absorbed gases contami 
nated With HZS are removed and fed to a reducing gas 
generator in a tail gas unit Which forms part of the SRU. 

In these prior art processes, the hydrocarbons and any 
CO2 are collectively removed from the rich solvent along 
With small volumes of HZS and are disposed of together. By 
recovering and disposing of CO2 along With the recovered 
hydrocarbons (i.e. compressed and burned as fuel or the 
like), any value that the CO2 may have is lost. Since CO2 can 
be a valuable asset When used in certain applications (i.e.a 
drive ?uid in Enhanced Oil Recovery methods), the overall 
economics of such sour gas treatment processes can be 
improved Where the CO2 can be recovered and handled 
separately. Also, by selectively removing substantially all of 
the hydrocarbons and a large portion of the CO2 from the 
rich solvent before the HZS is recovered, the volume of the 
acid gas from the regenerator to the SRU is substantially 
reduced While the HZS concentration in the stream is sub 
stantially increased. This alloWs smaller SRU’s to be used to 
process the HZS stream While at the same time providing a 
higher sulphur recovery ef?ciency. 

SUMMARY OF THE INVENTION 

The present invention provides a method for treating a 
sour hydrocarbon gas stream to remove acid gases (e.g. HZS 
and CO2) from said gas stream by contacting said stream 
With a solvent (eg an organic amine such as at least about 
50% methyldiethanolamine). The rich solvent is then regen 
erated by selectively separating the CO2, HZS, and any 
absorbed hydrocarbons from the rich solvent before the 
regenerated solvent is recycled in the process. 
The hydrocarbons are ?rst removed by passing the rich 

solvent through a ?rst ?ash tank having a reduced operating 
pressure. The solvent is then heated and passed to a second 
?ash tank having a substantially loWer operating pressure 
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and a higher temperature than the ?rst ?ash tank to thereby 
?ash off a substantial portion of the CO2 from the solvent. 
The solvent is then passed to a stripper Where substantially 
all of the remaining acid gases (i.e. HZS and CO2) are 
removed from the solvent Which, in turn, is noW regenerated 
and ready for reuse in the process. The acid gases are then 
sent on to a Sulphur Recovery Unit (e.g. Claus unit) to 
recover sulphur from the HZS. By selectively separating the 
hydrocarbons, CO2, and HZS, the volume of the acid gases 
to be processed by the SRU are substantially reduced While 
the concentration of the desirable HZS in the acid gases is 
increased thereby alloWing smaller SRU’s to be used to 
recover basically the same amount of sulphur from a com 
parable sour gas treatment process. 

Further, the CO2 stream, Which is separated in the second 
?ash tank, is further processed by passing it to a CO2 
contactor vessel Where it is contacted With a solvent 
(preferably a portion of the regenerated solvent). The solvent 
absorbs substantially all of any HZS that may be present in 
the CO2 stream to thereby produce a substantially HZS-free 
(less than 100 ppms) CO2 stream Which can then be used or 
disposed of Without major problems. 
More particularly, the present invention provides a “sour 

gas” treatment process Wherein a stream of sour gas is 
contacted by an organic amine solvent in a high-pressure 

contactor vessel (i.e. about 800—1200 psig and 50°—120° The solvent is preferably one Which absorbs HZS in prefer 

ence to both the CO2 and any hydrocarbons Which may be 
absorbed from the sour gas stream (e.g. preferably an liquid 
amine mixture such as one comprised of approximately 50% 
methyldiethanolamine) 

The “rich” solvent is regenerated by passing it through a 
?rst ?ash tank Where the pressure is substantially reduced 
(e.g. to less about 100 psig) Whereby substantially all of any 
hydrocarbons are “?ashed off”. The solvent is then heated to 

a relatively high temperature (e.g. about 215°—240° before it is ?oWed into loW-pressure, second ?ash tank 

having a much loWer pressure (e.g. less than about 25 psig) 
Where a substantial amount (e.g. 50% or more) of the CO2 
is ?ashed off. 

The CO2 stream from the second ?ash tank is cooled to a 
loWer temperature (e.g. less than about 110° and is then 
passed into a loW-pressure (e.g. 5—15 psig) CO2 contactor 
vessel Where it is contacted by a second solvent (e.g. 
preferably regenerated solvent) to absorb substantially all of 
HZS Which may be present. This produces a substantially 
HZS-free CO2 stream. The second rich solvent is merged 
With the rich solvent from second ?ash tank before the 
merged solvents are passed through a regenerator stripper 
Where substantially all of the acid gases (i.e. HZS and the 
remaining CO2) are stripped out of the rich solvent. The noW 
“regenerated solvent” is recycled back to high-pressure 
contactor vessel While the acid gases are passed to a Sulphur 
Recovery Unit (SRU) Where the sulphur is commercially 
recovered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The actual construction, operation, and apparent advan 
tages of the present invention Will be better understood by 
referring to the draWings Which are not necessarily to scale 
and in Which: 

The FIGURE a schematical representation of a sour gas 
treatment process in accordance With the present invention. 

BEST KNOWN MODE FOR CARRYING OUT 
THE INVENTION 

Referring noW to the draWings, the FIGURE schemati 
cally illustrates a “sour gas” solvent treatment process 10 
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4 
Wherein a stream of sour gas is fed through a line 11 into a 
high-pressure contactor vessel 12. As Will be understood by 
those skilled in the art, “sour gas” is one Which is comprised 
of a Wide range of hydrocarbons (i.e. methane, hexane, 
dodecane, etc.) Which also includes a substantial amount of 
“acid gases” (i.e. hydrogen sul?de (HZS), carbon dioxide 
(CO2), etc.). The sour gas stream must be treated to remove 
or reduce the acid gases to acceptable levels (e.g. from 
1—30% HZS to less than 4 parts per million (ppm) and from 
2—30% CO2 to less than 2%) before the gas can be sent to 
market. Also, as Will be understood, the sour gas stream can 
be pre-treated, e.g. passing it through silica gel absorbers or 
the like (not shoWn), before it is fed into contractor vessel 
12. 

Contactor vessel 12 is typically a bubble-tray toWer Which 
has a plurality of horiZontal trays (not shoWn) spaced therein 
Wherein the incoming stream 11 of sour gas ?oWs upWard 
While a solvent ?oWs into and doWnWard through vessel 12. 
Vessel 12 is normally operated at about 800—1200 psig and 
50°—120° F. The solvent is one Which Will absorb the acid 
gases from the hydrocarbon gas stream upon contact and 
Will carry the acid gases out the bottom of vessel 12 through 
outlet line 14. Further, in the present invention, the solvent 
is preferably one Which absorbs HZS in preference to both 
the CO2 and any hydrocarbons Which may be absorbed from 
the sour gas stream. 

More speci?cally, the solvent is preferably an liquid 
amine mixture Which is basically comprised of approxi 
mately 50% methyldiethanolamine (MDEA) and 50% Water. 
Other knoWn commercially-available “MDEA” solvents of 
this type Which can be used are “UCARSOL” (Union 
Carbide) and “GAS/SPEC*SS” (DoW Chemical). The 
MDEA solvent absorbs both HZS and CO2 but Will prefer 
ably absorb the HZS, meaning basically that the CO2 and any 
absorbed hydrocarbons can be more easily removed (i.e. 
?ashed) from the solvent than can be the HZS. 
The treated gas ?oWs out of the top of contactor vessel 12 

through line 13 and may be further processed (e.g. passed 
through deW point control unit 15 or the like) before it is 
passed on to a sales pipeline or the like. The “rich” solvent 
(i.e. solvent plus absorbed acid gases and any hydrocarbons) 
is passed through outlet line 14 to be regenerated before it 
is recycled to contactor vessel 12. As Will be recogniZed by 
those skilled in this art, the basic gas treatment process 
described to this point is generally Well knoWn in the art. 

In accordance With the present invention, the rich solvent 
from the contactor vessel 12 is regenerated by passing it 
through line 14 to a ?rst ?ash tank 16 Where the pressure is 
substantially reduced (e.g. pressure of rich solvent is 
reduced from about 1000 psig to less about 100 psig) 
Whereby substantially all of any hydrocarbons in the rich 
solvent Will be “?ashed off” and recovered through line 17. 
As Will be understood, these hydrocarbons can be com 
pressed and used as fuel or can otherWise be disposed of. 
The operating temperature in ?rst ?ash tank 16 Will be 
substantially the same as that of the incoming rich solvent 
(e.g. 135°—160° 
The rich solvent, With substantially all of the hydrocar 

bons noW removed, ?oWs through a heat exchanger 19 in 
line 18 Where it is heated by the regenerated solvent as Will 
be further explained beloW or it can be heated by other 
means. The temperature of the rich solvent is raised to a 
relatively high temperature (e.g. 215°—240° before it is 
?oWed into loW-pressure, second ?ash tank 20 Which is 
designed to operate at very loW pressures (e.g. less than 
about 25 psig). At these temperatures and pressures, sub 
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stantial amounts (eg 50% or more) of the CO2 in the rich 
solvent may be ?ashed off and recovered through line 21. 

The CO2, Which is ?ashed-off in loW-pressure second 
?ash tank 20, is likely to contain substantial amounts of H25 
(e.g. around 20% Which ?ashes off With the CO2) Which 
must be removed or reduced from the CO2 stream before the 
CO2 can be disposed of. The CO2 and its HZS contaminant 
is further processed by passing the stream from second ?ash 
tank 20 through a cooler 22 in line 21 to substantially loWer 
its temperature (eg less than about 110° before the 
stream is passed into loW-pressure CO2 contactor vessel 23 
(eg operated at 5—15 psig). 
A second lean solvent (e.g. preferably a side stream of 

regenerated solvent Which is being recycled to contactor 12) 
is ?oWed through line 24 to CO2 contactor vessel 23 Where 
it contacts the stream of CO2 to absorb substantially all of 
the H25 therefrom. The noW, substantially HZS-free CO2 can 
then be disposed of or it can be recovered through line 25 for 
commercial use (i.e. injected into a subterranean reservoir as 
a drive ?uid in an Enhanced Oil Recovery method). 

10 

15 

6 
gas stream (e.g. increased by as much as 55%) alloWs a 
much smaller SRU plant to ef?ciently recover basically the 
same amount of sulphur from a sour gas treatment operation 

of comparable siZe. Further, since both the hydrocarbons and 
the CO2 recovered from the rich solvent are substantially 
free of H25, the problems normally associated With their 
respective disposal and/or use are also substantially reduced. 
Still further, the recovered and processed CO2 can be used 
or sold, thereby increasing the overall economics of the sour 
gas treatment process. 

To further illustrate the present invention, the folloWing 
Material Balance Table is set forth. The Table is represen 
tative of a typical sour gas treatment process in accordance 
With the present invention. The results in the Table are based 
on the processing of 185 MM standard cubic feet a day 
(MMscfd) of a sour gas having a particular composition. The 
numerals in the headings correspond to the components and 
conditions in like-numbered elements in the FIGURE. 

MATERIAL BALANCE TAB LE 

RICH 
SOL 

SOUR sWEET VENT OVER- BOT- OVER- BOT- OVER- BOT- COMBINED OVER- ACID 
COM- GAS (11) GAS (13) FROM HEAD TOMS HEAD TOMS HEAD TOMS SOLVENTS HEAD BOTTOMS GASES 
PONENT * * W (12) (17) (18) (20) (20) (23) (23) TD (28) (28) (28) (37) 

HC 18590.90 18578.23 12.67 12.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Co2 1216.98 375.38 853.81 3.30 858.51 464.81 385.70 372.08 99.17 488.51 489.52 22.20 489.52 
H25 242.99 0.08 247.80 0.44 247.36 87.94 159.42 0.07 90.45 250.44 242.84 8.88 242.84 
Temp. °F. 110 114 156 156 156 219 219 111 118 226 217 261 120 
P(psig) 935 935 935 90 90 18 18 12 13 14 14 18 14 

**All units = pound-mole/hour 

The second solvent and the absorbed HZS ?oWs from the 
CO2 contactor 23 through line 26 and is merged With the rich 
solvent in line 27 from second ?ash tank 20 before the 
merged solvents are passed through regenerator stripper 28. 
Contactor 28 is equipped With a reboiler 29 for adding 
additional heat to the solvent and is designed to operate at 
relatively-high temperatures (eg about 250°—270° and 
relatively-loW pressures (e.g. less than about 15 psig) 
Whereby substantially all of the H25 and most of the 
remaining CO2 are stripped out of the rich amine solvent. 
The noW “regenerated solvent” ?oWs from the bottom of 
contactor 28 and is recycled back to high-pressure contactor 
vessel 12 through line 30. The regenerated solvent is cooled 
before reentering contactor 12 by passing it through (a) heat 
eXchanger(s) 19 Where it gives up heat to the rich solvent 
and (b) additional cooler(s) (e. g. 31), if needed. The pressure 
of the recycled solvent is raised by one or more pumps 32 
(tWo shoWn) as Will be understood in the art. 

The acid gases (i.e. the H25 and most of the remaining 
CO2) pass from the top of stripper 28 through a cooler 33 or 
the like in line 34 to a re?uX separator 35. Any liquids Which 
are condensed in re?ux separator are returned through line 
36 to stripper 28. The acid gases are recovered through line 
37 and are normally passed on to a Sulphur Recovery Unit 
(SRU), such as a Well-knoWn Claus unit (not shoWn) Where 
the sulphur is recovered for commercial applications. 
By substantially reducing the amount of CO2 in the acid 

gases, the total volume of acid gases that must be processed 
by a SRU is signi?cantly reduced (e.g. acid gas volume 
reduced by as much as 35% in one actual application). This, 
in addition to the increased concentration of H25 in the acid 
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What is claimed is: 
1. A method for treating a sour hydrocarbon gas stream 

containing hydrogen sul?de (H25) and carbon dioxide 
(CO2), said method comprising: 

passing said sour hydrocarbon gas stream into a high 
pressure contactor vessel; 

contacting said sour hydrocarbon gas stream With a sol 
vent Within said contactor vessel to absorb H25 and 
CO2 from said sour gas stream to produce a rich 
solvent; 

passing said rich solvent through a regeneration cycle to 
regenerate said rich solvent by removing substantial 
amounts of said H25 and CO2 and any hydrocarbons 
absorbed by said solvent from said sour gas, said 
regenerating comprising: 

passing said rich solvent through a ?rst ?ash tank having 
an operating temperature of from about 135° to about 
160° F. Wherein the pressure of said rich solvent is 
reduced to less than about 100 psig to separate only 
substantially all of the hydrocarbons from said rich 
solvent; 

recovering said separated substantially all of said hydro 
carbons from said ?rst ?ash tank and removing said 
separated hydrocarbons from said regeneration cycle 
for individual handling; 

heating said rich solvent from said ?rst ?ash tank to a 
temperature of from about 215° to about 240° F. before 
passing it through a second ?ash tank Where the pres 
sure of the solvent is further reduced to less than about 
25 psig to thereby selectively separate a substantial 
portion of said CO2 from said rich solvent; 
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recovering said separated substantial portion of said CO2 
from said second ?ash tank and removing said sepa 
rated portion of said CO2 from said regeneration cycle; 

passing said separated CO2 from said second ?ash tank to 
a C02 contactor vessel; and 

contacting said CO2 With a second solvent to absorb 
substantially all of any HZS present in said CO2 to 
produce a second rich solvent; 

passing said rich solvent from said second ?ash tank to a 
stripper to separate substantially all of said HZS remain 
ing in said rich solvent to thereby regenerate said 
solvent; 

rernoving said separated, substantially all of said remain 
ing HZS from said stripper and removing said separated 
HZS from said regeneration cycle for separate handling; 
and 

recycling said regenerated solvent to contact said sour gas 
stream. 
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2. The method of claim 1 Wherein said solvent is corn 

prised of an organic arnine Which absorbs H25 in preference 
to both CO2 and hydrocarbons. 

3. The method of claim 2 Wherein said organic arnine is 
at least about 50% rnethyldiethanolarnine. 

4. The method of claim 2 Wherein said second solvent is 
comprised of said regenerated solvent. 

5. The method of claim 2 Wherein said second rich solvent 
is combined With said rich solvent from said second ?ash 
tank before said solvents are passed to said stripper. 

6. The method of claim 4 Wherein said CO2 from said 
second ?ash tank is cooled before it is passed through said 
CO2 contactor vessel. 

7. The method of claim 2 Wherein: 
said CO2 contactor vessel has an operating temperature of 

less than about 110° F. and an operating pressure of 
from about 5 to about 15 psig. 

* * * * * 


